In the present study, we attempted to test the hypothesis that ejection timing rather than peak left ventricular pressure is a primary determinant of ventricular relaxation rate. In cross-circulated isolated canine hearts instantaneous left ventricular volume was controlled by a servo-pump system. To eliminate the effects of end-systolic and end-diastolic volumes and ejection velocity on left ventricular relaxation rate, these parameters were clamped, and only the ejection timing (onset and end of ejection) was altered, keeping the duration of ejection unchanged. Left ventricular relaxation rate was assessed by time constants of left ventricular pressure decline during the isovolumic relaxation phase calculated by both a semilogarithmic method, assuming that the asymptote is zero, and a best exponential fitting method. In 25 runs, a pair of contractions with ejection timings which differed by 53.1 ± 2.1 (SE) msec were imposed, while end-systolic and end-diastolic left ventricular volumes and ejection duration were unchanged. All pairs of contractions demonstrated early ejection resulted in significantly (P <0.001) slowed relaxation as indicated by a prolongation of the time constants of isovolumic left ventricular pressure decay (A 4.2 ± 0.7, sec and A 15.4 ± 2.1 msec by semilogarithmic plot and the best exponential fit respectively), although peak left ventricular pressures (104.6 ± 2.4 mm Hg) were even lower than those (116.6 ± 2.8 mm Hg) in contractions with later ejection timing. Furthermore, in seven experiments, the heart was allowed to eject at five different timings; onset and end of ejection were progressively delayed in steps of 20 or 30 msec. Irrespective of peak left ventricular pressure, both time constants progressively decreased as the ejection timing was delayed from contraction 1 (semilogarithmic method: 54.0 ± 6.4 msec and best exponential fitting method; 158.8 ± 38.2 msec) to contraction 5 (semilogarithmic method: 42.9 ± 3.2 msec; best exponential fitting method: 49.2 ± 4.3 msec). These results indicate that early ejection slows the ventricular relaxation, whereas it is accelerated by later ejection, even with end-systolic volume, stroke volume, and ejection velocity unchanged. Thus, we conclude that the time course of systolic loading conditions, rather than the peak left ventricular pressure, may primarily regulate the ventricular relaxation rate. (Circ Res 55: 31-38, 1984) 
THE underlying mechanisms controlling ventricular relaxation are still largely unknown (Brutsaert et al., 1978 Lecarpentier et al v 1979; Goethals et al., 1982) . The relaxation rate of the intact heart in situ is known to decrease as systolic pressure increases (Karliner et al., 1977; Gaasch et al., 1980; Raff and Glantz, 1981; Blaustein and Gaasch, 1983) , whereas, in the isolated heart (Weiss et al., 1976; Weisfeldt et al., 1980) , the rate of relaxation is independent of peak left ventricular (LV) pressure or total load. This discrepancy may be attributed to the difference in experimental preparations which have or have not respectively neuroreflex regulation (Karliner et al., 1977) , and/or the effect of muscle shortening on relaxation rate. However, the cause of this discrepancy is still under discussion. Noble (1968) reported that a change in loading condition during ejection could alter the onset of relaxation. Thus, the time course of systolic loading conditions as manifested in the systolic left ventricular pressure pattern and/or ejection timing may play an important role in regulation of relaxation. The discrepancy in load-dependency between the isolated heart and the in situ heart may also be attributed to the difference in systolic loading sequence, since, in the in situ heart, when afterload is altered by changing the peripheral arterial impedance, the loading sequence of the ventricle is also altered, probably due to the substantially large capacitance of the arterial system (Elzinga and Westerhof, 1973) . Recently, we found that ejection timing may affect the relaxation rate in the isovolumic relaxation phase .
Therefore, in the present study, we attempt to demonstrate that the relaxation rate is sensitive to the timing of ejection during contraction in the isolated canine heart preparation, which is free of the influences of reflex baroreceptor activity. Furthermore, to exclude the effect of muscle shortening due to varied loading conditions, we clamped the end-systolic and end-diastolic volumes by servocontrol of the ventricular volume. We present evidence that the isovolumic relaxation rate of the heart is primarily sensitive to ejection timing.
Methods Preparation
Ten isolated canine hearts were employed in this study. In each experiment, a pair of adult mongrel dogs, ranging in weight from 15 to 32 kg, were anesthetized with intravenous sodium pentobarbital (30 mg/kg). The smaller of each pair of dogs was used as heart donor while the larger (22-32 kg) was used as a support dog for crosscirculation. For isolated heart preparation, midsternal thoracotomy was performed under positive pressure ventilation, and a perfusion cannula was introduced into the brachiocephalic artery after the pericardium was removed. This cannula was then connected to another cannula inserted into a carotid artery of the support dog. The right ventricule was also cannulated through the right atrium with a large bore cannula to drain the venous blood to the jugular vein of the support dog. Heparin (500 U/kg) was administered, and all free vessels derived from the heart were ligated immediately after the institution of crosscirculation. Thus, the donor heart was totally isolated without interruption of coronary flow. The heart, together with proximal aorta, was removed from the chest and suspended over a funnel. The collected venous blood from the donor heart was returned to the support dog, keeping the blood temperature at 37°C with a heat exchanger. The left atrium of the isolated heart was opened and a pursestring suture was made around the mitral orifice after all chordae tendinae were freed from the mitral valve. A miniature pressure transducer (Konigsberg P-7) was fixed inside the latex balloon which was freely distensible over a range of LV volumes and which could occupy the entire LV cavity when filled with fluid. A metal tube adaptor connected to the opening of the balloon was fixed at the mitral orifice by the purse-string suture. The connection lead of the pressure transducer was pulled out through a stab incision at the apex. The heart then was placed in a plastic box which was connected to a servo-pump system (see Fig. 1 ). The metal adaptor of the balloon was tightly fixed to the hydraulic pump system for regulation of LV volume. During the study, intracavital blood was continuously sucked through a multi-hole catheter so that the balloon would closely fit the endothelial surface of the LV cavity. Balloon herniation around the mitral orifice was also frequently checked by direct visual inspection. Figure 1 shows a schematic diagram of the servo pump and hydraulic system controlling the LV volume. System components of the hardware and mechanical set-up are similar to those used by Suga and Sagawa (1974) . Briefly, the apparatus consists of a plastic box supporting the heart, a rolling diaphragm cylinder (Bellofram, SS-4F-SM-UM), and a powerful electromagnetic shaker (Akashi Products, MSE-409). The plunger of the shaker transmits the piston movement to the diaphragm of the cylinder, thereby regulating the volume of the balloon placed in the LV cavity. To minimize the compliance of the rolling diaphragm for precise control of intraventricular volume, Circulation Research/Vol. 55, No. 2, July 1984 we used a diaphragm whose effective area is as small as 11 cm 2 and applied negative pressure of about -100 mm Hg behind the diaphragm by continuous sucking of air from the cylinder. The position of the piston was sensed by a linear displacement transducer (Trans-Tek, 244-000), and the difference signal from the reference signal for desired LV volume (a time function of volume) was fed back to the power amplifier of the shaker. Moreover, for high fidelity of the servo-control, a phase lead-lag compensator was inserted in the circuit. Accordingly, in the present system, gain loss and phase lag at 10 Hz were -5 dB and -90 degrees, respectively.
Design of the Servo-Control System
The ideal left ventricular volume curve is shown in Figure 2 . The reference volume curve was given by setting the following parameters through key board input or dial setting: the end-systolic and end-diastolic LV volumes, the times of onset (E o ) and end (E,.) of ejection as measured from the ECG trigger and the times of onset (F o ) and end (F e ) of filling. In the present study, velocity of ejection (dVs/dt) was kept constant throughout the ejection phase, so that the volume curve was linear during ejection between E o and E c (see Figs. 2 and 3).
Experimental Protocol

Protocol I: Two Contractions with Different Ejection Timing
In seven isolated hearts, after the preparation was completed and stable, LV volume was increased until a peak pressure of more than 100 mm Hg was developed in an isovolumic contraction. The system parameters were then adjusted to provide an isobaric ejection mode. Special care was taken to obtain an isovolumic fall of pressure after end-systole. The heart then was allowed to contract in one of two different modes: A or B. In contraction mode A, the onset of ejection (E o ) was earlier than control, whereas in mode B, it was later. All other parameters remained unchanged. Thus, end-systolic and end-diastolic volumes, and, hence, stroke volume and ejection velocity, were identical between these two contractions. The pressure-volume relationships of both modes of contraction were monitored on cathode-ray tube (CRT). The equality of end-systolic pressure between the two modes was taken as evidence of unchanged inotropic state. In each contraction mode, the CRT display of the pressure-volume loop, volume-time curve, and LV pressure pattern were photographed, and the LV pressure and volume signals were stored in a data recorder. Photographs were also made of the superimposition of pressure-volume loops of both contractions. Several pairs of contractions were studied in each experiment. All runs were performed with spontaneous heart rate (average 132/min) which remained during the run. The mean difference in ejection timing between a pair of contractions was 53.1 ± 2.1 msec.
Protocol 11: Five-Step Variation in Ejection Timing
In four experiments, after the study of a pair of contractions (protocol I), the control ejection mode was reset with a larger stroke volume and a consequent decrease in peak LV pressure. After waiting 15 to 20 minutes for the condition of the heart to stabilize, we studied the rate of LV relaxation for five different values of E o . Three additional isolated hearts were also studied after another protocol (varied volume-loading) was completed. The purpose of this protocol was to determine whether the dependence of LV relaxation on ejection timing was independent of peak LV pressure. After the isobaric contiac-rolling diaphragm displacement transducer upporting dog pressure transducer crocomputer FIGURE 1. Schematic drawing of servo-pump system. Excised cross-circulated heart is connected to the hydraulic system (H) with a metal adaptor (A) fixed at mitral annulus. Drained venous blood from the heart is collected by a plastic box in which the heart is placed, and is pumped up by a roller pump to the funnel which drains the blood to the jugular vein of the support dog through a heat exchanger. The volume of the hydraulic system is controlled by piston movement of rolling diaphragm (D) which is driven by a shaker (S). A change in the volume of hydraulic system, i.e., LV volume, is sensed by the displacement transducer ("D, and its signal is fed back to the microcomputer (Q. A command signal to generate the LV volume curve is input through the keyboard or dial setting of pertinent parameters (see Methods).
tion was performed, the onset (E o ) and end (E e ) of ejection were altered in steps of 20 or 30 msec, for a total of five different contractions with end-systolic and end-diastolic volumes and ejection velocity clamped. Thus, in each run, contractions 1 and 2 had earlier and contractions 4 and 5 had later ejections than the control (isobaric) contraction 3. In contractions 1-3, peak LV pressure was unchanged, even with different ejection timing, since end-systolic pressure and peak pressure were similar when ejection occurred early in systole. The sequence of ejection timing was randomized. If the decline in LV pressure after endsystole was not isovolumic, the data from this contraction were excluded from the analysis. The study was performed with spontaneous heart rates (average 110/min) which did not alter during each run.
Data Processing
Left ventricular pressure was digitized every 4.2 msec (microcomputer PC-8001, A-D conversion at 240 Hz). The time course of its fall from the minimal dP/dt (dP/ > ESV time FIGURE 2. Parameters to be input for generation ofLV volume curve. EDV and ESV = end-diastolic and end-systolic volumes, E o and E c = onset and end of ejection, F o and F, = onset and end of filling. These parameters which determine the reference LV volume curve were input through dial setting or key board input. In each experiment, ESV, EDV, ejection velocity (dVs/dt), and duration of ejection (E e -EJ were clamped, while £" was the independent variable. dt m in) to 10 mm Hg above the minimal LV pressure was characterized by a time constant (T) assuming isovolumic LV pressure fall to be exponential and of the form (Yellin et al., 1980) :
where P o is the pressure at the time of dP/dtmm and P«= is the asymptotic pressure at large time. Two methods were used to obtain the time constants: a semilogarithmic method (T L ) and a best exponential fitting method (T^). The former method, proposed by Weiss et al. (1976) , assumes P«> = 0. In the second method, the time constant (T exp ) was obtained by least-squares linear regression, as the negative inverse of the slope of the dP/dt against P curve over the range from dP/dt min to 10 mm Hg above the minimal LV pressure. This follows, since, from Equation 1, dP/dt = -1/T (Po -P.) exp (-t/T) so dP/dt = -1 / T (P -P«,). The mean correlation coefficients for function fitting were 0.996 ± 0.002 for the semilogarithmic method and 0.999 ± 0.001 for the best exponential fitting method. Both time constants led us to the same conclusion (see Results). Statistical comparison was made by paired f-test in protocol I and the analysis of variance (Winer, 1971 ) in protocol II. Data were expressed as mean ± SE.
Results
Protocol I: Two Contractions with Different Ejection Timing
Figure 3 depicts representative LV volume curves, LV pressures, and pressure-volume relationships of two contractions (a and b) with different ejection timing and fixed end-systolic and end-diastolic volumes. The right panel (c) shows a superimposition of these curves. The left ventricular volume curves illustrate that ejection timing was delayed by 55 msec in contraction b with respect to contraction a, whereas the ejection velocities were identical. It should be noted that LV pressure patterns were characteristically different: peak LV pressure occurred in late systole in contraction a, whereas an early systolic peak was obtained in contraction b. Superimposed LV pressure patterns (panel c) dem- onstrate that LV pressures were identical at endsystole, but that the fall in pressure after end-systole traced different trajectories with prolonged pressure decay in the contraction with early ejection (a) (see enlarged pressure-time curves in Fig. 3, panel c) . Table 1 presents the hemodynamic parameters and the time constants of isovolumic LV pressure decay for the paired contractions. The mean difference in ejection timing was 53.1 ± 2 . 1 msec. Enddiastolic LV pressure and the dP/dt max were unchanged in each run. However, the mean time constants of isovolumic LV pressure decay in con- Values are expressed as mean± SE. Contractions A and B represent the contractions with early and late ejection, respectively. Abbreviations: PLVP = peak LV pressure. LVEDP = LV end-diastolic pressure. dP/dtma, and dP/dtmm = maximal and minimal dP/dt, Eo and E* = onset and end of ejection, TPnu, = time to peak LV pressure from the ECG trigger, T L and Te» p = time constants of isovolumic LV pressure decay obtained by the semilogarithmic method and the best exponential fitting method, respectively (see Methods). traction A (T L : 36.4 ± 1.3 msec, and T exp : 79.3 ± 3.9 msec) were significantly (P < 0.001) larger than in contraction B (T L : 32.2 ± 1.2 msec and T exp : 63.9 ± 3.7 msec), although mean peak LV pressure in contraction A (104.6 ± 2.4 mm Hg) was lower than that in contraction B(116.6±2.8 mm Hg). These differences were observed in all 25 pairs of contractions. dP/dt m in was not statistically different between contraction modes. Thus, the significant difference in both time constants, T L and T exp , of isovolumic LV pressure decay between contractions A and B indicates that the relaxation rate is significantly dependent on ejection timing. Figure 4 shows representative pressure-volume relationships and time constants of isovolumic LV pressure decay when ejection timing during the contraction was altered in five different steps, with clamped end-systolic and end-diastolic volumes. Peak LV pressures in the two contractions (1 and 2) with early ejection occurred late in systole and were almost identical to that of the control contraction (3); whereas the contractions with late ejection (4 and 5) had higher peak LV pressures and occurred early in the ejection phase. As ejection occurred progressively later (1 to 5), the time constant of LV pressure decay during isovolumic relaxation phase progressively decreased (Fig. 4) . It should be noted, however, that this trend is not a function of peak LV pressure, because contractions 1-3 had nearly identical peak LV pressures at end-systole. On the other hand, contractions 4 and 5 had higher peak Contractions 1 and 2 had earlier ejection, while, in contractions 4 and 5, ejection occurred later than the control. T L (panel c) was obtained by a semilogarithmic method assuming that the pressure asymptote is zero and T np (panel d) was calculated from the best exponential fit. In both methods, the time constants progressively decreased as the ejection was delayed from contractions 2 to 5.
Protocol II: Five-Step Variation in Ejection Timing
LV pressures, but the relaxation rates were even faster than in the other three contractions. Table 2 summarizes the hemodynamic data and the time constants of isovolumic LV pressure decay in the five different modes of ejection timing (contractions 1-5). The mean peak LV pressure in the control contraction was 84.7 ± 5.9 mm Hg, and LV end-diastolic pressure was 5.4 ± 3.6 mm Hg. The mean LV end-systolic and end-diastolic volumes were 9.4 ± 2.5 and 14.8 ± 3.3 ml, respectively, and, thus, the mean ejection fraction was 40.2 ± 6.4% and mean ejection velocity was 53.7 ±11.4 ml/sec. In each series of contractions, the inotropic state was unchanged, as evidenced by the identical end-systolic pressure. Time constants both in T L and T exp showed a trend of progressive decrease (P < 0.01) as the ejection timing became later. In five different contractions, LV pressure at dP/dt mjn , and the time from the R wave to dP/dt min were not significantly altered by ejection timing (Table 2 ). Figure 5 shows the mean percentage changes in time constants of contractions 1, 2, 4, and 5 from the control (contraction 3). When ejection occurred 49 ± 4 msec earlier (contraction 1) than the control, %AT L and %AT exp were 6.5 ± 3.1% and 47.5 ± 17.3%, respectively, although peak LV pressure was unchanged. On the other hand, when ejection was 45 ± 9 msec later (contraction 5) than the control contraction, T L and T exp were decreased by 27.3 ± 8.0% and 55.7 ± 8.9%, respectively. These results indicate that LV relaxation rate is augmented when ejection occurs late during contraction and is independent of peak LV pressure.
Discussion
There is no clear consensus on the mechanical determinants of ventricular relaxation rate. Previous studies have indicated that LV relaxation is largely influenced by systolic pressure (Karliner et al., 1977; Gaasch et al., 1980; Blaustein and Gaasch, 1983) , LV volume (Raff and Glantz, 1981) , and/or extent of ejection (Weiss et al., 1976) . Despite these extensive studies on the mechanical determinants of ventricular relaxation, the effect of ejection timing on relaxation rate has not been studied. This study demonstrates that the time constant of LV pressure decline during the isovolumic phase depends on ejection timing when other mechanical factors, i.e., end-systolic and end-diastolic volumes and ejection velocity are held constant. Moreover, in our isolated heart preparation, the effect of neurohumoral factors was also eliminated. When ejection occurred later in the systolic phase, isovolumic relaxation was more rapid, as indicated by a lower time constant of LV pressure fall, irrespective of peak LV pressure. Thus, ejection timing, i.e., the time course of loading conditions during contraction, substantially affects the relaxation rate after contraction is completed.
In our results, it should be noted that-despite the variation in ejection timing-both the time of, <0.01 Values are expressed as mean ± SE. Ejection timing was progressively delayed in contractions 1-5 in steps of 20 or 30 msec. Abbreviations: n = number of data; P o = LV pressure at dP/dt min; TP O = time to P o from ECG trigger. Other abbreviations are as in Table 1 .
* Note that dP/dt max in contractions 1 and 2 were obtained during ejection, and, thus, d P / d t^ could not be a reliable index for inotropic state; see text.
Semilogarithmic method (Tt_)
Exponential method ( Figure 4 . Changes in time constants are expressed in percent changes from that in the control contraction. Note that the mean percent changes in both time constants progressively increased when ejection was allowed earlier. This trend was significant (P < 0.01) in both time constants. For ejection timing (onset and end of ejection) in contractions 1-5, see Table 2. and LV pressure at, dP/dt,™,, were unchanged (Table  2 ) and , hence, the difference in time constant of LV pressure decay after dP/dt min was not due to the difference in sampling period or sampling pressure. Thus, since the mechanical conditions are identical at end-systole, perhaps the metabolic conditions of the myocardium are not identical, but may depend on the loading conditions in the preceding systolic event.
Since the inotropic state could also affect the metabolic condition of the myocardium, we attempted to eliminate the influence of inotropic state on LV relaxation rate during the study. In protocol I, a pair of contractions with different ejection timing was studied in a brief period. In all cases, endsystolic pressures and dP/dt max were identical between a pair of contractions (see Table 1 ). Thus, the difference in time constant of isovolumic LV pressure decay could not be attributed to the alteration in inotropic state. In protocol II, inotropic state was not altered during each run, as evidenced by unchanged, end-systolic pressure (see Fig. 4 ), although dP/dt max appeared to depend on the timing of ejection (Table 2 ). This apparent dependency of dP/dt max on ejection timing, however, may be due to the fact that, in contractions 1 and 2 (early ejection) in protocol II, dP/dt max did not occur in the isovolumic contraction phase, but during the ejection phase, so that dP/dt max in contractions 1 and 2 was smaller than those in the other contractions. Therefore, in protocol II, in which a markedly early ejection was imposed, dP/dt max was not a reliable index of inotropic state.
Another finding which should be noted is that the dependence of relaxation rate on ejection timing was observed during different conditions of both inotropic state and extent of ejection (stroke volume). That is, in protocol II, inotropic state was slightly depressed (due to an inevitable decline in contractility during the study); the mean LV enddiastolic pressure was higher, and the mean dP/dt max was lower than in protocol I in the contractions with comparable peak LV pressures. Fur-thermore, the mean ejection fraction in protocol II (40.2 ± 6.4%) was larger than that in protocol I (21.3 ± 1.6%). Despite these changes in conditions, the dependency of relaxation rate on ejection timing was clear. Therefore, these results would lead us to support the view that LV relaxation rate is significantly influenced by the timing of ejection. This new finding may be related to the mechanism which underlies the phenomenon of load-sensitive relaxation.
Several investigators have found LV relaxation to be influenced by systolic pressure in hearts in situ, e.g., in conscious dogs (Karliner et al., 1977) , openchest anesthetized dogs (Gaasch et al., 1980; Blaustein and Gaasch, 1983) , or in human hearts (Masuyama et al., 1982) . Other investigators have demonstrated that LV relaxation rate is insensitive to changes in systolic pressure in the isolated heart preparation (Weiss et al., 1976) , or in right heart bypass preparation (Frederiksen et al., 1978) . This discrepancy may be caused by the presence or absence of neuroreflexes regulated primarily by carotid arterial pressure. However, we have found that LV relaxation is prolonged by an increase in systolic pressure induced by aortic clamping, even under the condition of pharmacological blockade of sympathetic and parasympathetic neuroreceptors (unpublished data). Karliner et al. (1977) also reported that prolongation of relaxation with an increase in systolic pressure was observed even after /3-adrenergic receptors were blocked by propranolol. Thus, these results suggest that neuroreflexive activity is not a primary determinant of load-sensitive relaxation.
Our results fail to support the hypothesis of systolic pressure-dependent relaxation, but support the hypothesis that the time course of loading conditions during contraction is an important determinant of relaxation rate. We are thus led to speculate on a possible explanation at the cellular level. Noble et al. (1968) reported that an abrupt increase in the aortic pressure late in systole resulted in a premature fall of LV pressure. Similar observations were also obtained by other investigators (Brutsaert et al., 1978; Goethals et al., 1980) , and these findings are analogous to the load-induced premature relaxation observed in the isolated mammalian cardiac muscle. Accordingly, they stated that relaxation is controlled mainly by the prevailing loading conditions, and less by the underlying dissipation of activation. Although our results are compatible with their hypothesis that ventricular relaxation is largely influenced by the loading sequence during ejection, the underlying mechanism of premature relaxation might be different from that of altered relaxation rate. Relaxation rate may be mainly determined by Ca ++ sequestration from the cytosole. Since Ca ++ binding conditions at the forcegenerating site may be altered by varying the loading sequence during muscle shortening (Mommaerts, 1970; Kaufman et al., 1972; Allen and Kurihara, 1981) , the time course of free Ca ++ decay in the cytosole could also be influenced by time varying loading conditions, e.g., a change in ejection timing. Thus, the rate of force decline, i.e., relaxation rate could be regulated by the timing of muscle shortening in a cardiac cycle. Another possibility for the underlying mechanism of load-sensitive relaxation is the functional change in Ca ++ dynamics dependent on muscle length since a change in ejection timing corresponds to a change in timing of muscle shortening. If intracellular Ca ++ dynamics is sensitive to the muscle length (Gennser and Nilsson, 1968; Flitney and Singh, 1981) , it could be speculated that ejection timing alters the intracellular Ca ++ dynamics in the relaxation phase, and hence the time course of LV pressure decline would also be altered. Finally, we cannot exclude the possibility that the myocardial energy consumption may influence the relaxation rate since an alteration in ejection timing is always accompanied by a marked difference in the pressure-volume area and, hence, myocardial oxygen consumption (Suga et al., 1981) . However, this possibility may be remote, since the independency of relaxation rate and ventricular volume loading has been reported in isolated heart preparation (Weiss et al., 1976) . Whatever the underlying mechanism, the loading sequence during contraction could largely determine the time course of LV pressure fall.
What other mechanical factors could influence the relaxation? Maughan et al. (1982) recently demonstrated in isolated canine hearts ejecting into a simulated peripheral arterial system that LV relaxation rate reflects the influence of alterations in pattern of ejection. In the in situ heart with a peripheral arterial system, occlusion of the arteries increases the peak systolic pressure due to an increase in resistance, but at the same time, the aortic pressure pattern is also changed, probably due to a change in capacitance of the arterial tree. Elzinga and Westerhof (1973) demonstrated that the systolic plateau in LV pressure is more influenced by arterial capacitance than by the resistance, and peak LV pressure is achieved later in systole when the LV faces a stiffer peripheral system. Thus, capacitance changes of the peripheral arterial system may alter the loading sequence and, hence, ejection riming. Therefore, various pharmacological interventions which may alter the capacitance of vessels may induce a change in relaxation rate by mechanical intervention per se, even without a direct metabolic effect to the myocardium. Thus, one must be careful of the load sequence during contraction, when evaluating the effect of cardiovascular agents on relaxation rate.
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